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Thetransitionmetalcontainingdiscogen,bis[1,3-di(p-n-decylphenyl)propane-1,3-dionato]paliadium(II)
crystallizesin thetriclinicspacegrouppI withonemoleculein a unitcellof dimensionsa = 10.260(2),
b = 12.961(2),c = 13.403(2)A.,ex= 110.54(1),f3= 101.75(1)and'I = 98.44(lt. Thecrystalstructure
wassolvedby directmethodsand refinedusingfull matrixleastsquaresprocedure.The palladium
atomis lyingon aninversioncenter.The decylchainsarefullyextendedin anall transconformation.
In thecrystalstructure,themoleculesform a tiltedcolumnararrangement.The anglebetweenthe
normalto thecoreandthecolumnaxisis 68°.Eachcolumnis surroundedby six others.Along the
columnaxis,adjacentpalladiumatomsareseparatedby 10.26A..
INTRODUCTION
The discoticmesophasewasfirstdiscoveredin 1977.1Sincethen,a widevariety
of compoundswhichexhibitdiscotic mesomorphismhavebeenidentified.2Of
these,thetransitionmetalcomplexeswithorganicligandsformanimportantclass
of discogenswith interestingproperties.The first, thermotropictransitionmetal
containingdiscogenbis(p-n-decylbenzoyl)methanatocopper(II)wassynthesizedby
Giroud-GodquinandBillard.3Oiscotictransitionmetalcomplexeswhichhavebeen
synthesizedandstudiedsincethen,includethemetalatomsCu3-10,Ni4.11,Rh12
andMol2. It is observedthatthenumberof coppercomplexeswhichhavebeen
studiedisconspicuouslyhigherthantheothertransitionmetalcontainingdiscogens.
Knowledgeof thestructuralcharacteristicsof thecrystallinephaseis anessential
pre-requisitefor understandingthenatureof thestructuralchangesassociatedwith
thecrystalto mesophasetransitions.In particular,in thecaseof transitionmetal
complexes,detailssuchasthenatureof thecoordinationaroundthemetalatom,
the relativedispositionof the metalatomsin the crystalstructure,the possible
effectsof changesin theligandsonmolecularconformationetc.,arefactorslikely
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to be closelyrelatedto the propertiesof the discogens.With the objectiveof
analyzingthestructuralcharacteristicsof discogensof transitionmetalcomplexes,
a programof investigationson their crystalstructureshasbeeninitiatedin our
laboratory.We haveearlierreportedthe crystalandthemolecularstructureof
bis[l,3-di(p-n-octyloxyphenyl)propane-1,3-dionato]copper(II),10referredto as
CU-OCSH17' hereafter.In this paper,detailsof the crystalandthe molecular
structureof discoticbis[l,3-di(p-n-decylphenyl)propane-1,3-dionato]palladium(II)
arebeingreported.
EXPERIMENTAL
Thepalladiumcomplex(I) wassynthesizedfollowingaschemeshownin Figure1.
It waspurifiedbyseveralcrystallizationsfrombutan-2-one.Thepuritywaschecked
H21C1O-O--COCH3 +HsC200C-O--C1OH21
1
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FIGURE 1 Syntheticroutefor thepreparationof complex(I).
~
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bystandardanalyticaltechniques.Thecomplexexhibitedthefollowingtransitions
on heating,
101 106 119°C
K 7 M2 ( ) M1 ( ) 1
whereK is crystal,M2 and M1 are mesophasesand 1 is isotropicliquid. The
mesogenicpropertiesof othersimilarpalladiumcomplexeswill bereportedelse-
where.13
Transparent,golden-yellow,prismaticsinglecrystalsof (I) wereobtainedbyslow
evaporationfroma solutionin butan-2-one.Theunitcelldimensionsweredeter-
minedandrefinedby least-squaresprocedure,using25reflectionson a CAD-4
singlecrystaldiffractometer.Thecrystaldataanddetailsconcerningintensitydata
arepresentedinTableI. On accountof thehydrophobicityexhibitedbythecrystal
andalsodueto its solubilityin mostof thecommonlyavailableorganicsolvents,
thedensityof (I) couldnotbemeasured.
STRUCTURE DETERMINATION
The statisticaldistributionof theno~malizedstructurefactorsindicatedthespace
groupto be centric,in thiscase,PI. Presenceof onemoleculein theunit cell
necessitatesthatthepalladiumatomwhichis at thecenterof thesymmetricmol-
TABLE 1
Crystaldataof (I), relevantdetailsof theanalysis
MolecularFormula
a
b
"MoKo
PCale
fLMoKo
C7oH10204Pd
10.260(2)A
12.961(2)
13.403(2)
1l0.54(lt
101.75(1)
98.44(1)
1587A 3
1
PI
0.7107A
1.158gms/cc
3.3378cm-I
w/28
5.Y/min
Lp, absorption,14anomalous scatteringfor Pd.IK
Pd (Ref. 18)
C, ° (Ref.19)
H (Ref. 20)
0.0513
0.0547
K/((J2(F)+ g(F)2)
K = 0.4677,g = 0.01033
c
a
13
'I
V
Z
Space group
Scanmode
Scanspeed
Correctionsapplied:
Scatteringfactors:
R
Rw
Weightingscheme(w)
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ecule,lieson aninversioncenter.Positionsof therestof thenon-hydrogenatoms
wereidentifiedfromthebestsolutionobtainedfromMUL TAN-80.15Thepositional
andtheanisotropicthermalparametersof allthenon-hydrogenatomswererefined
byfull-matrixleast-squaresmethod,usingtheSHELX-76 package.16 Althoughall
thehydrogenatomsin themoleculecouldbeidentifiedfromadifferenceelectron
densitymap,theywereonlyplacedatthepositionscalculatedwithaC- H distance
of 1.08A. Theparametersof thehydrogenatomswereassignedisotropicthermal
parametersequalto thoseof the respectivecarbonatomsto whichtheywere
covalentlybonded.FurtherdetailsconcerningtheR-factor,theweightingfunction
andtheatomicscatteringfactorsareincludedinTableI.
RESULTS AND DISCUSSION
Figure2 showstheatomicnumberingscheme.In TableII valuesof thepositional
andtheequivalent,isotropicthermalparametersUeq,are listedfor all thenon-
hydrogenatoms.Theaverageof theUeqvaluesof theatomsin thecrystallograph-
icallyindependenthalfof thecoreviz., theatomsPd, 0(1) toC(5), is 0.048(2)A2.
The terminalatomsof thedecylchainsarecharacterizedby Ueqvaluessignificantly
higherthantheaverageUeqvalueof thecore.However,unlikein thecaseof the
coppercomplexCU-OCSH17'wherethehighthermalparametersof theterminal
atomswereaccompaniedbyabnormalmoleculardimensions,in thecaseof thePd
complex,themoleculardimensionswerenormalandtherewasno indicationof
anydisorder.
TableIII liststhebondlengthsandthebondangles.In Figure2, thedisplace-
ments,0, of all thenon-hydrogenatomsfromtheleastsquaresplanethroughthe
coreatomsPd, 0(1) to C(5) aremarked.This planeis hereafterreferredto as
planeC. Amongtheatomsof thecore,thedisplacementis highestfor palladium.
Thecomparativelyhigh0valuesof thephenylringatomsaredueto thetilt of the
rings,tobedescribedsubsequently.In eachof thedecylchains,thedisplacements
0.26(1)and - 0.35(1)Aof the respectiveterminalatomsarethehighest.These
valuesare,however,significantlyessthanthevaluesof 0.97(3),-0.73(6), -1.00(2)
and0.89(9)Aobservedfortheterminalatomsof theoctyloxychainsofCU-OCSH17'
This featureindicatesthatdespitethe increasein chainlengthin (I), deviation
fromplanarityis lessfor thePd-complexthanthatof Cu-OCRH17'
The planarphenylringsonsidesA andB of thecore(Figure2) aretiltedwith
respecto planeC by 14and8°respectively.The tiltsseemtobecontrolledbythe
intramolecular,nonbondedstericinteractions0(1) . . . C(ll) = 2.654(7)Aand
C(4) . . . C(7) = 3.013(9)AonsideA and0(2) . . . C(27)= 2.696(7)AandC(4)
. . . C(23) = 2.976(8)A,on sideB. The decylchainson sidesA andB aretilted
withrespectoplaneC by12and8°respectively.Thecomparabletiltsof thechains
andtherespectivearomaticringsto whichtheyareattachedsuggesthatdespite
theconformationalf exibilityavailablefor thealiphaticchains,thecontributionto
the overalltilt of the moleculefromthe chainsis not morethanthat from the
phenylrings.
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FIGURE 2 The displacements,0 in A of nonhydrogenatomsfromplaneC.
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In thecrystalstructure,thepalladiumatomis surroundedbyfouroxygenatoms
in asquareplanararrangement.Figure3 showsthemoleculararrangementin the
planeperpendicularto thecrystallographica-axis.In thisplane,themoleculeis
fully extendedand thereis no overlapbetweenadjacentmolecules.The decyl
chainsorientedawayfrom the core, assumean all-transconformation.In this
conformation,thelineardimensionsof themoleculecalculatedastheintramolec-
ulardistancesC(21). . . C(37)andC(21). . . (C37')are35.3and9.5Arespectively.
(The symbol' denotestheatomrelatedby a centerof inversion.)As in thecase
of CU-OCSH17'themolecularconformationresemblesthemodelB proposedby
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TABLE II
Final fractionalatomiccoordinatesandUeq(A2)U'Jvaluesfor Pd arealsoincluded
Atom X y Z Ucq
Pd 0.000000 0.000000 0.000000 0.0468(3)
0(1) 0.0297(4) - 0.0986(4) - 0.1389(3) 0.056(2)
0(2) 0.1795(4) 0.0066(4) 0.0916(3) 0.053(2)
C(3) 0.2662(6) - 0.0470(5) 0.0550(4) 0.040(2)
C(4) 0.2479(6) - 0.1191(5) -0.0560(5) 0.047(3)
C(5) 0.1354(6) -0.1389(5) -0.1453(4) 0.043(2)
C(6) 0.1296(6) - 0.2138(5) - 0.2600(5) 0.048(2)
C(7) 0.2397(7) -0.2510(6) - 0.2933(5) 0.056(3)
C(8) 0.2253(7) - 0.3166(6) - 0.4029(5) 0.058(3)
C(9) 0.1003(7) - 0.3523(5) - 0.4837(5) 0.052(3)
C(1O) - 0.0077(7) - 0.3185(7) - 0.4496(5) 0.074(3)
C(11) 0.0038(7) - 0.2501(6) - 0.3401(5) 0.068(3)
C(12) 0.0894(8) -0.4218(6) - 0.6041(5) 0.061(3)
C(13) - 0.0529(7) - 0.4490(5) - 0.6831(5) 0.062(3)
C(14) - 0.0608(7) -0.5140(5) - 0.8038(5) 0.058(3)
C(15) - 0.2060(7) -0.5353(6) -0.8769(5) 0.062(3)
C(16) - 0.2227(8) - 0.5972(6) - 0.0003(5) 0.062(3)
C(17) - 0.3668(7) - 0.6131(6) -0.0711(5) 0.064(3)
C(18) - 0.3825(8) - 0.6726(6) -0.1937(5) 0.066(3)
C(19) - 0.5203(8) -0.6801(6) - 0.2660(6) 0.075(3)
C(20) - 0.5327(9) -0.7418(7) - 0.3897(6) O.082(4)
C(21) -0.6626(11) - 0.7396(9) - 0.4628(8) 0.116(5)
C(22) 0.3928(6) -0.0299(5) 0.1421(4) 0.045(2)
C(23) 0.5056(6) -0.0715(6) 0.1190(5) 0.056(3)
C(24) 0.6191(6) -0.0536(6) 0.2047(5) 0.057(3)
C(25) 0.6266(6) 0.0027(5) 0.3144(5) 0.051(3)
C(26) 0.5137(6) 0.0453(6) 0.3375(5) 0.057(3)
C(27) 0.3997(6) 0.0289(5) 0.2536(5) 0.050(3)
C(28) 0.7555(6) 0.0216(6) 0.4026(5) 0.053(3)
C(29) 0.7587(6) 0.0829(6) 0.5233(5) 0.056(3)
C(30) 0.8956(7) 0.0972(6) 0.6011(5) 0.058(3)
C(31) 0.9112(6) 0.1644(5) 0.7228(5) 0.053(3)
C(32) 0.0491(6) 0.1747(5) O.7968(5) 0.055(3)
C(33) 0.0718(6) 0.2445(5) 0.9193(5) 0.054(3)
C(34) 0.2114(7) 0.2523(6) 0.9901(5) 0.059(3)
C(35) 0.2339(7) 0.3178(6) 0.1144(5) 0.064(3)
C(36) 0.3737(8) 0.3224(7) 0.1836(6) 0.085(4)
C(37) 0.3909(11) 0.3849(9) 0.3077(7) 0.115(5)
Pd Un = 0.0361(5), Un = 0.0589(5), U33= (1.0350(4)
Un = 0.0123(3), U13= - 0.0052(3), UI2 = 0.0187(3)
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TABLE III
Final bondlengths(A) andbondanglesn.
The quantitiesin parenthesesrepresentherespective.s.d.'s
Bond lengths
Pd-O(l) 1.966(4) C(18) - C(19) 1. 51 (1 )
Pd - 0(2) 1.967(4) C( 19) - C(20) 1. 54 (1 )
O( 1) - C( 5) 1.277 (8) C(20) - C(21) 1.50 (1)
0(2) - C(3) 1.279 (8) C(22) - C(23) 1.39 (1 )
C(3) - C(4) 1.407(8) C(23) - C(24) 1.384 (8)
C(4) - C(5) 1.402(8) C(24) - C(25) 1.373 (9)
C(5) - C(6) 1.486(8) C(25) - C(26) 1. 40 ( 1 )
C(6) - C(7) 1.38 (1) C(26) - C(27) 1.379 (8)
C(7) - C(8) 1.378(9) C(27) - C(22) 1.400(8)
C(8) - C(9) 1.393 (9) C(25) - C(28) 1.507(8)
C(9) - C(10) 1. 36 ( 1) C(28) - C(29) 1.523(9)
C( 10) - C( 11) 1.392 (9) C(29) - C(30) 1.512 (9)
C( 11) - C(6) 1.394(8) C(30) - C(31) 1.518(9)
C(9) - C(12) 1.519(9) C(31) - C(32) 1.512(8)
C(12) - C(13) 1.53 ( 1) C(32) - C(33) 1.520 (8)
C(13) - C(14) 1.518(9) C(33) - C(34) 1.517(9)
C( 14) - C( 15) 1.532(9) C(34) - C(35) 1.529(9)
C(15) - C(16) 1.524 (9) C(35) - C(36) 1. 52 (1 )
C(16) - C(17) 1.53 (1) C(36) - C(37) 1.53 (1)
C(l7) - C(18) 1.512 (9) C(3) - C(22) 1.488(8)
8 K. USHA etal.
TABLE III (continued)
Bond angles
O( 1 ) -Pd-O( 2) 93.9(2) C ( 17 ) -C ( 1 8 ) -C ( 1 9) 113.5 (6)
Pd-O(1)-C(5) 124.6 (4) C(18)-C(19)-C(20) 111.9(7)
O( 1)-C(5)-C(4) 125.7(6) C(19)-C(20)-C(21) 112.6 (8)
O(2)-C(3)-C(4) 125.4 (6) C(27)-C(22)-C(23) 117.4 (6)
C(3)-C(4)-C(5) 125.7 (6) C(22)-C(23)-C(24) 120.1 (6)
C ( 1 1 ) -C ( 6 ) -C (7) 117.5 (6) C(23)-C(24)-C(25) 123.1 (6)
C(6)-C(7)-C(8) 120.6(7) C(24)-C(25)-C(26) 116.8 (6)
C(7)-C(8)-C(9) 122.3 (7) C(25)-C(26)-C(27) 121.2 (6)
C ( 8 ) -C ( 9 ) -C ( 10) 116.6 (7) C(26)-C(27)-C(22) 121.4(6)
C ( 9 ) -C ( 1 0 ) -C ( 1 1) 122.6(7) C(25)-C(28)-C(29) 118.2 (6)
C ( 10 ) -C ( 1 1 ) -C ( 6) 120.4(7) C(28)-C(29)-C(30) 111. 6 (6)
C ( 9 ) -C ( 12 ) -C ( 1 3) 114.2 (6) C(29)-C(30)-C(31) 115.1 (6)
C ( 1 2 ) -C ( 1 3 ) -C ( 1 4) 113.7 (6) C(30)-C(31 )-C(32) 112.9 (5)
C( 13)-C( 14)-C( 15) 110.0 (6) C ( 3 1 ) -C ( 32) -C ( 33) 115.1 (6)
C ( 14) -C ( 15) -C ( 16) 113.8 (6) C(32)-C(33)-C(34) 113.2 (5)
C ( 1 5 ) -C ( 16 ) -C ( 17) 112.6 (6) C(33)-C(34)-C(35) 114.0 (6)
C ( 1 6 ) -C ( 17 ) -C ( 18) 112. 5( 6) C(34)-C(35)-C(36) 112.9 (6)
Pd-O(2)-C(3) 124.6 (4) C(35)-C(36)-C(37) 111.5(7)
O(2)-C(3)-C(22) 113.9 (5) C(4)-C(3)-C(22) 120.6(5)
0 ( 1 ) -C ( 5 ) -C ( 6) 113.4 (5) C(4)-C(5)-C(6) 120.9(6)
C ( 5 ) -C ( 6 ) -C (7) 123.9 (6) C ( 5 ) -C ( 6 ) -C ( 11 ) 117.6 (6)
C (8) -C (9) -C ( 12) 120.8(6) C ( 1 0 ) -C ( 9 ) -C ( 1 2) 122.6(6)
C(3)-C(22)-C(23) 123.4 (6) C(3)-C(22)-C(27) 119.2 (5)
C(24)-C(25)-C(28) 119.9 (6) C(26)-C(25)-C(28) 123.3(6)
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FIGURE 3 Moleculararrangementin theplaneperpendicularto a-axis.
Ohta etat.8Figure3 alsoshowstheinterleavingof thedecylchainsof adjacent
molecules.In thisarrangement,the coreof a moleculeis surroundedby decyl
chains.Thus, adjacentcoresalongthe crystallographicb- and c-directionsare
separatedby aliphaticchainsbelongingto differentmolecules.
Themoleculararrangementshownin Figure3 isessentiallylayer-like.The layer
structureis stabilizedbynon-bondedinteractions.Examinationof theintermolec-
ularcontactdistances:::AAshowsthatwithina layer,eachmoleculeissurrounded
10 K. USHA etal.
bysixotherssituatedat ::!:c, ::!:(b + c) and::!:(b + 2c).In addition,eachmolecule
in the layeris alsoinvolvedin nonbondedinteractionswithtwo otherssituated
aboveandbelowrespectively,i.e., situated:::':awithrespecto thereferencemol-
ecule.The intermolecularinteractionswithina layerinvolveatomsof thedecyl
chains,phenylringsandthecore.In contrast,alongthea-direction,mostof the
interactionsareconfinedto theatomsof thecoreandthephenylringsonly.
The layersshownin Figure3 arestackedperiodicallyalongthecrystallographic
a-axis,atopone anotherand form an infinitecolumnararrangement.In each
molecule,the normalto planeC is tiltedwithrespectto thecrystallographica-
axis, (whichis also the columnaxis)by 68°.In Figure4, the tiltedcolumnar
arrangementof (I) in thecrystalstructurehasbeenshownschematically.In the
tiltedcolumnararrangement,adjacentPd atomsareseparatedby 1O.26A.The
Pd . . . Pd distanceis conspicuouslyhigherthanthe metal. . . metaldistance
observedin othermesogens.1O.21.22Thecomparativelyhighvalueof thePd . . . Pd
distanceis dueto theangleof 68°betweenthecorenormalandthecolumnaxis
andalsoduestericinteractionsbetweenadjacentmoleculeswithinthecolumns.
AlthoughadjacentPd atomsareseparatedby 1O.26A,theperpendiculardistance
betweenadjacentmoleculesin thecolumnis ~4A.
In the crystalstructure,eachcolumnis surroundedby sixothers.In contrast
withtheregular,hexagonalarrangementof columnsdescribedfor themesophase
of discogens,7,23-25in thecrystalstructureof (I), thearrangementof columnsis
nota regularhexagon.It is, however,likelythatthebasiccolumnararrangement
of themoleculesandthesix-foldcoordinationof eachcolumnarefeaturesclosely
Column axis
......
'Y\
. Pallad...m
FIGURE 4 Schematicrepresentationof thetiltedcolumnararrangement.n representsthenormalto
planeC.
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relatedto thestructuralcharacteristicsof themesophaseof (I). Furtherconclusive
evidencefor sucha correlationcan, however,be obtainedwhen dataon the
mesophaseof (I) areavailable.
Acknowledgments
The authorsare verygratefulto Prof. S. Chandrasekharfor his keeninterest,encouragementand
suggestions.They acknowledgetheassistancerenderedbyProf. H. ManoharandDr. M. Nethajiof
Departmentof InorganicandPhysicalChemistry,IISc., in providingintensitydata.TheythankProf.
M. VijayanandDr. V. Dhanarajof MolecularBiophysicsUnit, IISc., for providingaccessto theirx-
raylaboratory.The authorsarealsothankfulto Dr. A. K. Singhfor permittingusageof thefacilities
atNAL.
References
1. S. Chandrasekhar,B. K. SadashivandK. A. Suresh,Prarnana,9, 471(1977).
2. S. Chandrasekhar,Adv. Liq. Cryst.,5, 47(1982).
3. A. M. Giroud-GodquinandJ. Billard, Mol. Cryst.Liq. Cryst.,66,147(1981).
4. A. M. Giroud-GodquinandJ. Billard,Mol. Cryst.Liq. Cryst.,97,287(1983).
5. K. Ohta,A. Ishii, H. Muroki, I. YamamotoandK. Matsuzaki,Mol. Cryst.Liq. Cryst.,116,299
(1985).
6. K. Ohta,H. Muroki, K. Hatada,I. Yamamoto,K. Matsuzaki,Mol. Cryst.Liq. Cryst.,130,249
(1985).
7. A. M. Giroud-Godquin,M. M. Gauthier,G. Sigaud,F. HardouinandM. F. Achard,Mol. Cryst.
Liq. Cryst.,132,35(1986).
8. K. Ohta,H. Muroki,A. Takagi,K. Hatada,H. Ema,I. YamamotoandK. Matsuzaki,Mol. Cryst.
Liq. Cryst.,140,131(1986).
9. K. Ohta,H. Ema, H. Muroki, I. YamamotoandK. Matsuzaki,Mol. Cryst.Liq. Cryst.,147,61
(1987).
10. K. UshaandK. Vijayan,Mol. Cryst.Liq. Cryst.,174,39(1989).
11. K. Ohta, A. Takagi,H. Muroki, I. YamamotoandK. Matsuzaki,Mol. Cryst.Liq. Cryst.,147,
15(1987).
12. D. W. Bruce,D. A. Dunmur,P. M. MaitlisandP. Styring(unpublished).
13. P. R. Rao andB. K. Sadashiva(to bepublished).
14. A. C. T. North,D. C. PhillipsandF. S. Mathews,Acta Cryst.,A24,351(1968).
15. G. Germain,P. Main andM. M. Woolfson,Acta Cryst.,A27,368(1971).
16. G. M. Sheldrick,Programforcrystalstructuredetermination,Univ.of Cambridge,England(1976).
17. InternationalTablesfor X-raycrystallography,Vol. III, KynochPress,Bermingham,p. 276(1968).
18. D. T. CromerandJ. T. Waber,Acta Cryst.,18,104(1965);D. T. CromerandD. Liberman,1.
Chern.Phys.,53,1891(1970).
19. D. T. CromerandJ. B. Mann,Acta Cryst.,A24,321(1968).
20. R. F. Stewart,E. R. DavidsonandW. T. Simpson,J. Chern.Phys.,42,3175(1965).
21. P. Iannelli,A. Immirzi,U. Caruso,A. RovielloandA. Sirigu,ActaCryst.,C45,879(1989).
22. B. MiihlbergerandW. Haase,Liq. Cryst.,5, 251(1989).
23. A. M. Levelut,Proc. Int. Liq. Cryst.Conf., Bangalore,December1979,(Heyden,1980),p. 21.
24. C. Destrade,N. H. Tinh, H. Gasparoux,J. MaltheteandA. M. Levelut,Mol. Cryst.Liq. Cryst.,
71,111(1981).
25. H. Abied, D. Guillon,A. Skoulios,P. Weber,A. M. Giroud-GodquinandJ. C. Marchon,Liq.
Cryst.,2, 269(1987).
.- - \,
